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The Passive Mechanical Properties of Muscle and Their
Adaptations to Altered Patterns of Use
The length and stiffness of a relaxed muscle
are determined by the mechanical properties of
its intramuscular connective tissue and/or intra..
cellular structures. Viscous deformation of
these components of muscle is responsible for
the increase in muscle length seen immediately
after stretching, but this increase is tran-sient
Lasting changes in muscle length can only be
broughfabout by adaptations of the structure
of muscle. An understanding of the nature of
the stimulus for muscle to adapt can provide
therapists with a theoretical basis for therapeu..
tic intervention aimed at producing changes in
muscle length.
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Changes in the length and extensi-
bility of muscles are a major cause of
movement dysfunction. These changes
occur following immobilization,such
as the immobilization imposed by plas-
ters or the effective immobilization that
may result from weakness, loss of con-
trol of muscles, or pain. Changes in
muscle length are also said to occur in
people who habitually use their muscles
in a. shortened or lengthened range.
This paper focuses on two.questions.
They are (i) what are the anatomical
structures which determine the length
and stiffness of relaxed muscles; and
(ii) what changes occur in thesestruc-
tures when a muscle's length and stiff-
ness change? The paper will present
therapists with a theoretical basis from
which clinical strategies for the man-
agement ofmuscle length problems can
be derived. An important conclusion
will be that lasting changes in muscle
length can only result from adaptations
of the structure of muscle and that
therefore intervention should aim to
manipulate the mechanical environ-
ment of the muscle in order to stimu-
late or maintain appropriate adaptive
processes.
The paper will be limited to there-
sponse of adult skeletal muscle length
and stiffness to imposed changes in its
mechanical environment, and will not
deal with changes that result from dis-
ease, trauma or congenital conditions,
or that are purely a result of ageing.
Only changes in the mechanical prop-
erties of. relaxed muscle will be dis-
cussed. The reader is referred to the
work of Gossmann et af (1982) for a
broader review 0 f length .associated
changes in muscle, including changes
inactive length-tension properties.
The first part of this paper reviews
some of the mechanical properties of
relaxed muscles. It includes a brief dis-
~ cussion of the anatomical components
that give muscle those properties. The
second part of the paper reviews stud-
ies on the adaptations of muscle length
and adaptations of the structure of
muscle that may be responsible for
changes in muscle length. Finally some
broad implications are drawn for the
therapeutic management of adaptive
muscle shortening.
Mechanical Properties of
Muscle
When an isolated muscle is stretched
in the laboratory it is possible tomeas..
ure the change in muscle length and,
indirectly, the tension that develops in
the muscle. The results can be plotted
on a passive length-tension curve
(Banus andZetlin 1938, Ralston et af
1947, Hanson and Lowy 1960, Butler
and Little 1976). A typical passive
length..tensioncurveis shown in Figure
I. The passive length-tension curve
shows the length at which the relaxed
muscle first develops internal tension,
designated L1 in Figure I. This is often
called the muscle's resting length, or
sometimes simply its length.
Another important mechanical prop-
erty of muscle is its stiffness. Stiffness
is the ratio of the tension developed in
the muscle when it is stretched to the
amount the muscle. lengthens. Thus the
slope of the passive.length..tension curve
represents the muscle's stiffness. The
stiffness of the muscle determines how
much the muscle will lengthen given a
certain change in tension and how much
tension will develop·in the muscle as it
is lengthened.
In some studies the measurements of
tension, change in length and stiffness
are .normalised so that the resulting
values reflect only the properties of the
muscle tissue and not the size of the
muscle. In this case the tension is di-
vided by the cross sectional area of the
muscle (called stress) and the change
in length is.divided by the initial length
of the muscle (called strain). The ma-
terialstiffness (or modulus of·· elastic-
ity) is the slope of the stress-strain
curve.
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Muscle Length
Figure t: A length-tension curve for muscle. L1 is the length at which the muscle
first develops tension.
Tension
The mechanical properties.of relaxed
muscle may be provided by several of
the anatomical structures that makeup
muscle. Furthermore, it is possible that
the structures which provide the prop-
erties of relaxed muscle and those which
provide its properties when itis actively
contracting,are not anatomically dis-
tinct. Some structures may contribute
to the properties of both relaxed and
actively contracting muscle under dif-
ferentconditions of contraction and
stretch.
A widely held view is that the intra-
muscular connective tissue is respon-
sible for the mechanical properties of
relaxed muscle. The intramuscular con,...
nective tissue is organised in three lev-
els: epimysium, which surrounds the
whole muscle; perimysium, which sur-
rounds individual fascicles; andendo-
mysiumwhich surrounds individual
muscle fibres (Borg and Caulfield 1980,
Rowe 1981). Under an electron micro-
scope the collagen fibres of the peri-
mysium appear crimped (Rowe 1974,
Borg and Caulfield 1980). When the
muscle is lengthened these fibres be-
come more longitudinally orientated
and lose their crimp (Rowe 1974, Wil-
liams and Goldspink 1984). As the col-
lagen uncrimps it becomes stiffer (Vi-
idik 1973, Betsch and Baer 1980,
Kastelic et aJ 1980). This increase in
stiffness of longitudinally orientated
collagen fibres suggests·a potential load
bearing role of the intramuscular con-
nective tissue in relaxed muscle. Also,
a study by Kovanen ·et aJ (1984a) has
shown that changing the structure of
collagen in rats results in a decreased
material stiffness of the soleus muscle.
This suggests that collagen, which ex-
ists in the intramuscular connective tis-
sue and in the sarcolemma (Mayne and
Sanderson 1985) contributes to the
stiffness of rat soleus. To summarize,
some rather indirect evidence suggests
that intramuscular connective tissue is
responsible for the mechanical prop-
erties of relaxed muscle.
An alternative theory is that the mus-
ele cells, or parts of the muscle cells,
determine the mechanical properties of
relaxed muscle..Support for this theory
comes from experimentswhichdem-
onstrate that the isolated muscle cell,
stripped of the connective tissue which
normally surrounds it, still demon-
strates significant stiffness at physio-
logical lengths (Fish et al 1984, Magid
and Law 1985). Many sources of mus-
clecell stiffness have been proposed
and· investigated. These include the sar-
colemma (Ramsey and Street 1940,
Sichel 1941, Casella 1950, Podolsky
1964, Fields and Faber 1970, Rapoport
1972, 1973, Schmalbruch 1974, Caceci
et aJ 1981), hypothetical '8 filaments'
(Hanson and Huxley 1955), an inter-
action between myofilaments (Hill
1968, Moss and Halpern 1977, Magid
and Law 1985), intracellular proteins
such as connectin (Maruyama et af
1977), and the sarcoplasmic reticulum
(Herbst and Piontek 1974, 1975). The
relative contribution of these structures
to the stiffness of whole muscles has
not been determined. However Magid
and Law (1985) have observed that
whole frog semitendinosis muscle has
a material stiffness that is similar both
to that of an isolated frog semitendi-
nosis muscle cell and to an isolated frog
semitendinosis muscle eell after its sar,...
colemmahas been removed. This pro-
vides compelling evidence that the ma-
jor source of the mechanical properties
of relaxed muscle resides within the
muscle cell, at least for the frog semi-
tendinosis.
In summary then, the components
of muscle .that are most likely to de-
termine its length and stiffness are the
intramuscular connective tissue and in-
tracellular structures. Their relative
contribution in different muscles is yet
to be determined.
Muscle length is dependent not only
on the mechanical properties of the
muscle belly, but also on the mechan-
ical properties of teridonwith which
the muscle is connected in series .. The
mechanical behaviour of tendon has
been extensively documented in animal
models (Viidik 1966, Viidik 1973,
Betsch and Baer 1980, Hooley et af
1980, Proske and Morgan 1987) and
in humans (Walker et al 1964, Van
Brocklin and Ellis 1965, Benedict et al
1968, Schwerdtet al1980,Lamontagne
et ol 1986,Goldstein et af 1987). It is
clear from these studies that,even at
'physiological' loads, the tendon is still
many times stiffer than relaxed muscle
(Stolov and Weilep 1966). This means
that ·when the muscle is .stretched, most
of the increase in length comes from
an increase in the length of the muscle
belly, not from the relatively inexten-
sible tendon.
The preceding discussion focussed on
the length-tension properties of muscle.
The tension in the muscle was consid-
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Time (t)
B. Creep. The muscle is stretched to a constant tension (at t =0). The length of
the muscle increases over time to a new value.
(Length is Constant
(Tension is Constant)Length
Tension
Tension
Time (t)
A. Stress relaxation. The muscle lsstretched to a constant length (at t =0). The
tension in the muscle decreases over time to a new value.
Muscle Length
C. The effect of cyclic loading. Numbers signify order of cycles. Note that the
length-tension relationship changes with successive cycles (adapted fromMc..
Carter etal 1971, with permission)"
Figure 2: Viscoelasticity in muscle.
ered tobea simple function of its
length, that is, the muscle was assumed
to behave 'elastically'. The mechanical
behaviour of a muscle that is stretched
is, however, more complex than the
length-tension .curve might suggest. In
reality tbe relaxed muscle alsodem-
onstrates time dependent or 'viscous'
behaviour underload (Blix 1893 cited
in .Banus and Zetlin 1938, McCarter et
ol 1971, Butler and Little 1976, Bo-
hannen 1984, Magid and Law 1985).
The muscle is said to behave asa 'vis-
coela~tic' material. This means that the
relationship between length and ten-
sion changes with time if a stretch is
maintained. For example, if the muscle
is stretched toa given length and that
length is maintained, then the tension
will be seen to decrease over time until
a new steady state force is reached
(called stress relaxation, see· Figure 2A)~
Alternatively jf the muscle is stretched
to a certain tension and the tension is
maintained, then the length of the mus-
cle will increase over time until a new
steady state length is reached (called
creep, Figure 2B). If the muscle is re-
peatedly stretched each subsequent
stretch will demonstrate different
length-tension curves (Figure 2C). This
viscous deformation is probably the
major source of the increases in muscle
length seen immediately following
muscle stretching.
Most of the viscous deformation that
is responsible for the increases in mus-
cle length following stretching is lost
over time. For example, McCarter et
of (1971) examined the reversibility of
the changes of the length-tension re-
lationship that occurred after six
stretch-relaxation cycles of rat soleus
muscles through a range slightly greater
than the 'physiological' range of the
muscle. They found that afterarecov"
ery time of about two hours the muscle
had returned to its pre-stretch length.
If, following stretching, the muscle was
electrically stimulated to tetany for
three seconds and allowed to shorten
actively the length recovery occurred
more quickly. ·In other words, concen-
tric contractions of the muscle ap-
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AB
comes shorter and stiffer; Tabary et al
1972,Williams and Goldspink 1978,
Goldspink and Williams 1978, Witz"
mannel af 1982, Tardieu et al.1982c,
Figure 3). The increase in the stiffness
of the muscle can probably be ex-
plainedentirelybyits decrease in length
(Witzmannetal 1982, but see also
Goldspinkand Williams 1978). In this
respect the adaptivelyshortenedmuscle
can be likened to a short rubber band,
which is stiffer than a long rubber band
simply because there is less rubber in
series to be stretched out..
It appears that the ·stimulus for the
adaptation of muscle length and stiff-
ness results from the imposed length
change rather than from movement
deprivation~ For example, .ifa muscle
is immobilized in a neutral position,
that is, if it is deprived of movement
without an imposed length change, then
its length and stiffness do not change
(Tabary et aI1972). Therefore, the de..
velopment of short muscles differs
from the development of stiffness in
periarticular connective tissues which
appears to be directly related to move..
ment deprivation (Akeson et af 1974,
Akeson et a11980, Akeson et a/1987).
The changes in length and stiffness
that occur when a muscle is immobi-
lized in a shortened position are well
documented for slow twitch muscles
Muscle Length
Figure 3: Length-tension curves for (A) mouse soleus and (8) mouse soleus
immobilized in a shortened position for three weeks (adapted from Williams and
Goldspink 1978, with permission).
Tension
Imposed Length Changes
The most commonly used method of
experimentally inducing adaptive
changes in the length and .stiffness of
muscles involves making a muscle work
predominantly in .a shortened or
lengthened range. One model involves
immobilizing an animal's joint with a
plaster so that the muscle to be inves-
tigated is held either in a shortened or
lengthened position. When the limb is
immobilized the animal still actively
contracts its muscles under the plaster
(Fournier et af 1983)a After a period
of immobilization that is long enough
for adaptations of the muscle's struc-
ture to occur (days or weeks) the me-
chanical properties and structure of the
muscle are investigated.
When the muscle is immobilized in
a shortened position the length-tension
curve of that muscle shifts to the left
and becomes steeper (ie the muscle be..
adaptations of the structure of muscle.
Changes in muscle length could result
from adaptations of any of thestruc-
tureswhich determine the relaxed mus-
cle'smechanical properties. This next
section reviews the changes in muscle
length and stiffness and the associated
changes in muscle structure that have
been observed using various experi..
mentalmodelsio
Adaptations of Muscle length
The preceding section argues that
mechanical deformation alone is un-
likely to produce lasting changes in
muscle length,and that lasting changes
in muscle length must be mediated by
peared to hasten the return to its orig-
inal length .. In all cases the passive
length-tension curve of the muscle was
observed to return towards its pre-
stretch position.
Experiments with humans also dem..
onstrate that the increase in muscle
length observed following stretching is
gradually lost. Forexample,astudy
by Bohannen (1984) showed that the
gains in straight leg raising angle (prob-
ably indicative of hamstrings length and
stiffness) seen immediately after an
eight minutestretchwere significantly
decreased after ten minutes and 'largely
lost' after twenty-four hours.
It appears then, that the increases in
muscle length seen soon after stretch-
ing are largely, if not entirely, a tran-
sient phenomena. Presumably this also
applies to length gains seen after
stretching adaptively shortened muscle,
although there is no direct evidence of
this. It may be that these transient in-
creases of muscle length have thera-
peuticvalue when muscle length needs
to be increased for only short periods
of time, such as the duration ofa sport-
ing activity. However, therapists often
need to effect lasting increases in mus-
cle length. Lasting changes in muscle
length will probably only result from
adaptive remodelling of the structure
of muscle, and not simply from me;
chanical deformation. This has impor-
tant implications for clinical measure-
ment. The measurement of increases in
muscle length made soon after stretch-
ing, so often reported in the literature
(Tanigawa 1972, Warren et af 1976,
Medeiros ·et af 1977,Sady et af 1982,
Wessling et al1987,MaddingetaI1987)
and by clinicians, are probably not
valid as a measure ofa technique's
ability to effectsustained muscle length
increases a
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such as cat,mouseand rat soleus, but
not for other muscles. In one of the
few investigations of length changes in
immoblized fast twitchmuscles,Witz-
mann et al (1982) found a decrease in
length and increase in stiffness of rat
extensor digitorum .longus and super-
ficial vastus lateralis after a long perid
(six weeks) of immobilization in the
shortened position, but this decrease
was not statistically significant. Such a
slow response is probably related to
the relatively low basal rates of protein
synthesis and breakdown in fast twitch
muscles (Goldspink and Goldspink
1986).
Several studies have investigated the
effect of immobilizing muscle in a
lengthened position. Interestingly, it
appears that the length-tension curve
does not change (Tahary et af 1972,
Ooldspink et af 1974, Tardieu et al
1977, Williams and Goldspink 1978).
Contrary to these findings are those of
Tardieu et aJ (1982c), who have shown
an .increase in muscle length and stiff-
ness using a similar experimental
model. The reason for this difference
is unclear.
Immobilization of muscle in a short-
ened or lengthened position also pro-
duces changes in the number of sar-
comeres in series in the muscle. Thus
when a muscle is immobilized in a
shortened position it may lose up to
40070 of its sarcomeres (Tabary etal
1972, Williams and ·Ooldspink 1973,
Goldspinket af 1974, Williams and
Goldspink 1978, Hayatet a11978,Huet
de laTour et af 1979a, Witzmannet
aI1982).Witzmann et of (1982) found
that the decrease in sarcomere number
was proportional to the decrease in
muscle length. If the muscle is immo.,.
bilized in a lengthened position it may
produce as much as 25070 more sarcom-
eres in series (Goldspinketal 1974,
Tabary et a/1972; Williams and Gold-
spink 1973, Tardieu et af 1977, Wil.,.
liams and Goldspink 1978) but, as al-
ready mentioned, this is probably not
associated with a change in its length
or stiffness. Increases in sarcomere
number have also been observed in an
experiment in which muscle was con...
tinually stretched but not immobilized
(Holly etal 1980).
It appears that regulation of sarcom-
ere number occurs in order to preserve
an optimal myofilament overlap (see
eg Williams and Goldspink 1978, Her-
ring et aI1984), but .the nature of the
control mechanism remains obscure.
Some experiments suggest sarcomere
number is not regulated by neural fac-
tors, because models of denervation
plus immobilization produce similar
adaptations of sarcomere number to
immobilization alone (Goldspink et al
1974); the .only differences insarcom-
ere number being attributable to the
decrease in sarcomere length that re-
sults from active .shortening of inner...
vated muscles (Hayatet aI1978).How-
ever, McLachlan and Chua (1983) have
shown that innervated tenotomised rat
soleus loses sarcomeresmore quickly
than denervated tenotomised rat so-
leus.Other authors have shown that
chronic active muscle shortening in-
duced by electrical stimulation (Tabary
etal 1981) or tetanus toxin (Huet de
la Touret af 1979b) accelerates sar-
comere loss in shortened immobilized
muscle. These studies provide the best
model currently available of the rapid
length changes seen in spastic Inuscles.
. The adaptations of muscle length and
sarcomere number appear to be very
reversible. When the limb is removed
from its plaster cast the muscle quickly
regains its original length-tension re-
lationship and sarcomere number (Ta-
bary et a/1972, Goldspinket a/1974).
It is interesting that the attempted •re-
turn to normal function alone provides
an adequate stimulus for recovery of
muscle length. The adaptivelyshort-
ened muscle will also return to itsorig-
inal length and stiffness if it is im-
mobilized in a lengthened or
intermediate position..
Immobilization of muscles in a
shortened position also produces
changes .in the intramuscular connec-
tive tissue, although these changes have
been investigated less thoroughly than
the changes in sarcomere number.
Goldspink and Williams (1978) and
Williams and Goldspink (1984) meas-
ured sarcomere number,musclecross
sectional area, collagen fibre diameter
and hydroxyproline concentration (hy-
droxyproline is exclusively an amino
acid of collagen) in mouse soleus im-
mobilized in both the shortened and
lengthened positions. Their results
showed an increase in hydroxyproline
concentration and an increase in the
ratio of connective tissue cross sec-
tional area to muscle fibre cross sec-
tional area following immobilization in
the shortened position. They also found
that the muscle did not atrophy in the
first few days of immobilization. This
must mean that the total amount of
connective tissue increased, at least
transiently. In addition, Williams and
Goldspink (1984) were able to dem-
onstrate that the intramuscular con-
neclive tissue became more longitudi..
nally orientated at any given length
following immobilization in the short..
ened position. No changes in intra-
muscular connective tissue were found
in muscles immobilized in a lengthened
position. Other authors have reported
unquantified observations of intra-
muscular connective tissueprolifera-
tion with immobilization in both short-
ened and neutral positions (Cooper
1972, .Tomanek and Lund 1974, Goss-
man et aJ 1986).
Changes in the mechanical proper-
ties of tendon have generally been con-
sidered to be less significant than mus-
cle belly changes in the development
of length changes in adult muscle. For
example, it has heen shown that rabbit
and cat soleus tendon does not change
its length when the muscle is immo...
bilized in the lengthened or shortened
position (Tardieu <et of 1977, Tardieu
etaJ 1982c).A clinical study by Halar
et af (1978) produced similar findings.
They showed that the extramuscular
portion of the tendo-achilles was the
same length in stroke patients with clin-
ically evident .plantarflexor shortening
as in a control group. More recently
Tardieuet of (1983)· induced adaptive
shortening of both the tendon .and the
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Figure 4: Curve 1: A length-tension curve for muscle. Curves 2 and 3 show the
effect on the length-tension curve of increasing and decreasing the length of the
tendon respectively.
Muscle - Tendon Unit Length
Concluding Remarks
Information on the manner in which
muscle adapts its length and stiffness
in response to changes in its mechanical
23
structures other than the connective tis-
sue.
Increases in the synthesis (1ablecki
et aI1973,Turtoetal, 1974), amount
and proportion (Williams and Gold-
spink 1981) of connective tissue in mus-
cle have also been reported to accom-
pany, and even precede, work induced
hypertrophy following tenotomy of the
synergists of rat plantaris and soleus.
As these studies were not accompanied
by passive length-tension data the in-
teresting possibility tha't the increases
in intramuscular connective tissue pro-
duced stiff muscles remains specula-
tive.
Alnaqeeb, Al Zaid and Ooldspink
(1984) and Goldspink and Alnaqeeb
(1985) have shown an increase in the
stiffness of and amount of connective
tissue in the muscles of elderly and
apparently sedentary rats. Aged rats
probably provide a model of relative
disuse of muscle because these changes
are reversible with exercise (Goldspink
etal 1988). Why it is that elderly, .se-
dentary rat's muscles become less stiff
with exercise, yet younger rat's muscles
become stiffer, is unclear.
Tension
aJ 1984a, Kovanen et al 1984b). This
paradigm is of interest because it shows
changes in muscle length properties
presumably without imposing a con-
dition in which the muscle is required
to work at other than optimal lengths.
In one of these studies the mechanical
properties and hydroxyproline concen-
trationsof rat soleus and rectus fe-
moris were measured before and after
four weeks of endurance training on a
treadmill (Kovanen et al 1984a). The
material stiffness of the slow twitch
. soleus ·increased significantly ·with
training, although there was no change
in hydroxyproline concentration and
no change in muscle .length. There was
no change in the length, stiffness, or
hydroxyproline concentration of the
fast twitch rectus femoris. Other stud-
ies (Suominen et al 1977,Kovanen et
af 1980) have shown that endurance
training increases prolyl-hydroxylase
activity (which is an enzyme involved
in collagen synthesis), but not the
amount of collagen, in both a group
of sixty-nine year old humans and in
rats. The authors. suggest that the in-
crease in muscle stiffness with training
isa result of increased collagen cross
linking but not increased amounts of
collagen. However, it is also possible
that the increase is stiffness found by
these authors was due to changes in
Training
A series of studies from one labora-
tory· have investigated the effects ·of
training on muscle stiffness and intra-
muscular collagen (Suominen etal
1977, Kovanen eta11980, Kovanenet
muscle belly of adult rat soleus by sur-
gically shortening the tibia. Changes·in
the length of tendon accounted for
more than seventy-five percent of the
total muscle length adaptations with
this modeI.Further clinical studies may
clarify whether adaptations of tendon
length commonly contribute to muscle
length problems seen clinically.
The effect of a change in tendon
length on the mechanical properties of
the whole muscle can be predicted. A
decrease in tendon length will decrease
the length of the whole muscle without
changing its stiffness. An increase in
tendon length will increase the length
of the muscle, again without changing
it stiffness (Tardieuet at 1982a, Tar-
dieu etal1982b, Figure 4). The de-
crease in tendon stiffness that occurs
with immobilization(W:oo etal 1982}
is unlikely to alter the stiffness of the
whole muscle because the tendon re-
mains many times stiffer than the mus-
cle belly.
To summarize the main points of
this section: imposed length changes
have been shown to alter the mechan-
icalproperties and structure of muscle.
Immobilization ina shortened position
produces short, stiff muscles with fewer
sarcomeresand an increase in connec-
tive tissue. The connective tissue also
becomes more longitudinally orien-
tated. The length-tension properties and
sarcomere number return to normal
values with remobilization or with plas-
ter immobilization in a neutral or
lengthened position. The immobiliza-
tion of normal muscle in a neutral or
lengthened position probably does not
change the length or stiffness of the
muscle, but it can increase the number
of sarcomeres. Most evidence suggests
that adaptations of tendon are unim-
portant in adaptations of adult muscle
length.
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environment can help therapists design
rational, effective and efficient inter,..
vention strategies for dealing with mus,..
ele length problems. It is clear from
the preceding discussion that .short
muscles are different in structure .and
composition from muscles of normal
length. The task of the therapist is to
provide a mechanical environment
which stimulates appropriate adaptive
changes in the muscle's structure and
composition so that its normal me-
chanicalproperties are restored~ In the
short term this may involve plaster im-
mobilization in a neutral or lengthened
position or structuring the patients
practice of normal function. Evidence
from animal studies suggests that these
strategies may be effective. It is also
possibie, but perhaps unlikely, that the
commonly used manual techniques for
providing intermittent stretch to mus-
cles (such as manual stretching and
proprioceptive neuromuscular facilita-
tion .techniques) may provide an ade-
quatestimulus for muscle to adapt its
length and stiffness. Whether or not
these manual techniques on their own
provide a stimulus of sufficient dUla-
tion or frequency .for the correction of
adaptive muscle shortening remains to
be demonstrated. Further research is
needed into the nature of the critical
stimulus parameters, which perhaps are
simply strain or stress and time ornum-
ber of cycles, but which may be more
complex parameters such as those pro-
posed for the adaptation of bone
(Carter 1987,Lanyon 1987) or soft
connective tissues (Egan 1987). The re-
lationship of the magnitude of these
stimulus parameters to the amount .or
rate of adaptation, may eventually pro-
vide information that enables thera-
pists to decide upon the most efficient
form of short term intervention.
In the long term therapy must be
dictated by the principle that normal
movement provides the stimulus for
normal muscle length. For the patient
with motor control deficits following
stroke or head injury, or the patient
with habitually poor posture, poor
sp<;>rting technique or inappropriate
working environment, the cause of
muscle length changes·will persist even
after short term therapy has tempo,..
rarily reversed the problem. Ultimately
therapy for these people must involve
retraining normal movement, altering
the task or structuring the environment
(Carr and Shepherd 1987) so that the
stimulus for normal muscle prevails.
This review has presented informa-
tion on the adaptations of muscle
length and stiffness~ The information
can provide the basis from which clin-
ically testable hypotheses concerning
the correction of muscle length can be
derived. With the use of appropriate
measurement tools these hypotheses
can be tested both on individual pa-
tients and in clinical trials.
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